The disorder of potato tubers (Solanum tuberosum var. Russet Burbank) called "hollow heart" is manifested by the occurrence of hollow regions in internal parts of the tuber. The structure and composition of the suberin from the tissue lining of these internal cavities were determined by gas chromatography and mass spectrometry of the LiAIH4-hydrogenolysis products. Identification of octadecene-1,18-diol as the major component and the presence of hexadecane-1,16-diol and very long chain (>C18) alcohols in the hydrogenolysate showed that the suberin lining the internal cavities is quite similar to that found in the periderm of external wounds and the natural skin. Electron microscopic examination showed similar lamellar structure for the suberin of hollow heart, external wound periderm, and the natural skin of potato tubers. The results show that suberin can develop in a tissue which is not exposed to the external environment.
Wounding of potato tuber tissue results in deposition of suberin layers. The formation of these suberin layers protects the tissue from dehydration and possibly pathogen entry (2) . Under normal wound-healing conditions, the potato tuber is exposed to the external environment. The disorder called "hollow heart" is manifested by the occurrence of hollow regions in internal parts of the tuber. Even though such cavities are not obviously exposed to the external environment, their surface has been reported to be covered with a suberized periderm (4). It is not known whether the material deposited on the surface of the hollow is structurally related to suberin which develops upon cutting of the tissue under normal wound-healing conditions. In this communication, we present evidence that the aliphatic components of the suberin of hollow heart are quite similar to those of the normal wound periderm and the natural skin of potato tubers. In addition, electron microscopic evidence is presented which demonstrates that the lamellar ultrastructure of the subern deposited at the surface of the cavity resulting from the physiological disorder is similar to that of the suberin layer deposited during wound-healing as well as that of the natural suberin of the intact potato suberin. Depolymerization by Hydrogenolysis. A portion of the insoluble residue described above was refluxed with an excess of LiAlH4 in 50 ml of tetrahydrofuran for 24 hr. The excess LiAlH4 was decomposed by carefully adding the reaction mixture dropwise into 50 ml of distilled H20 with vigorous stirring. The mixture was acidified by the addition of 5 to 10 ml of concentrated HCl. The lipid products were extracted repeatedly with chloroform (3 x 100 ml). The chloroform extract was evaporated to dryness under reduced pressure.
Chromatography. Thin layer chromatography was done on 1-mm layers of Silica Gel G (20 x 20 cm), activated overnight at 110 C. The chloroform extracts were plated with octadecene-1 ,1 8-diol and octadecanol standards along the side of the sample and the chromatograms were developed with hexane-ethyl ether-methanol (50:50:2). Components on the thin layer chromatograms were visualized by spraying them with 2',7'-dichlorofluorescein and viewing the plate under UV light.
Gas chromatography was performed with a coiled glass column (183 x 0.31 cm o.d.) packed with 5% OV-101 on 80 to 100 mesh Gas-chrom Q. Part of the effluent of the gas chromatograph was passed into a Perkin-Elmer-Hitachi RMU 6D mass spectrometer with a Biemann separator interphase. Mass spectra were recorded at the apex of the gas chromatographic peaks with 70 ev ionizing voltage.
Preparation of Derivatives. Trimethylsilyl ethers were prepared by heating the material with an excess (0.5 ml) of N,Obis(trimethylsilyl) acetamide at 90 to 100 C for 20 min. Excess reagent was removed with a stream of N2 and the product was dissolved in chloroform for gas chromatography.
Electron Microscopy. Periderm of intact potato tubers, tissue disc wound-healed for 8 days as described before (2) , and the tissue lining the hollow heart cavity were fixed with 3% glutaraldehyde in 0.1 M phosphate buffer (pH 7.4) for 2 hr followed by 2% OS04 in water for 1 hr. The specimens were dehydrated in the usual manner with a graded ethanol series and then embedded in Ladd ultralow viscosity embedding medium (Ladd Re-Plant Physiol. Vol. 59, 1977 HOLLOW HEART SUBERIN AND ULTRASTRUCTURE search Industries) using propylene oxide as diluent. The infiltration in the pure plastic monomer was carried out in a partial vacuum to help the plastic fill the lumens in the periderm. DEAN, KOLA7TUKUDY, AND DAVIS kv in a Hitachi HU 125 electron microscope. Since tearing of the periderm occurred in the above procedure, thick sections were cut and placed in plastic monomer for reinfiltration. However, this technique did not substantially improve the sectioning quality of the periderm.
RESULTS AND DISCUSSION
In order to determine whether the cells lining the hollow heart cavity found deep inside the tuber contained suberin similar to that formed in the normal wound periderm, the chloroformsoluble products isolated from the hydrogenolysate of the hollow heart tissue were subjected to TLC. Two major components with RF values similar to those of alkane diol and primary alcohol standards were found. Gas-liquid chromatography of the diol fraction (as ditrimethylsilyl ether), isolated from the thin layer chromatogram, showed three major peaks (Fig. 1) . The mass spectrum of the major component (component III) showed a molecular ion at m/e 428 and fragment ions at 413 (M+ -15) and 323 (M+ -15-90) (Fig. 1) . These ions are indicative of octadecene-1,1 8-diol. Confirming this structural assignment, fairly intense doubly charged ion and the first isotope ion were observed at m/e 199 and 199.5, respectively (6). Component 1 was similarly identified by its mass spectrum as hexadecane-1,16-diol, and component 2 was not identifiable by its mass spectrum. The major component of the hydrogenolysate of the normal wound periderm was also identified to be octadecene-1,1 8-diol with minor amounts of hexadecane-1,16-diol (2), thus suggesting that the suberin in the periderm of the hollow heart tissue is similar to that previously found in the normal wound periderm.
Gas identified by their mass spectra and retention times in the ratio of 3:1:1. This composition is similar to that previously observed with wound periderm, verifying further that the polymer of the hollow heart periderm is similar to that of the normal wound periderm.
If the chemical composition of the aliphatic components obtained from the hollow heart does indeed represent suberin, the ultrastructure of this suberin might be similar to that of the wound periderm. We examined the ultrastructure of the suberin of the hollow heart and compared it with that of the suberin of the wound periderm and the skin of the intact tuber (Fig. 2) . A multilayered structure was observed in close association with the cell wall. This type of lamellar structure has been previously assigned to suberin (5, 7) . Even though we have no direct proof that this layer constitutes suberin, our results agree with this assignment because nonsuberized cells do not show this type of structure. It appears that the ultrastructure of the suberized region lining the hollow heart cavity is quite similar to that of potato suberin observed in the wound periderm and the natural skin of the intact tuber.
The present results show that the periderm isolated from the surface of the hollow heart cavities contains suberin which is quite similar both chemically and ultrastructurally to that found in the natural skin (1) and the wound periderm of normal tubers (2) . This strongly suggests that suberin is formed as a result of injury regardless of whether or not the injured surface is exposed to the external environment. Even though the molecular mechanism by which injury triggers the synthesis of suberin is not known, one of the enzymes involved in suberin biosynthesis, namely, w-hydroxy acid dehydrogenase, was found to be induced during wound-healing (V. P. Agrawal and P. E. Kolattukudy, unpublished results). Recent experimental evidence that ABA stimulates suberization in washed potato discs suggests that this hormone might be involved in triggering,suberization (B. B. Dean, C. L. Soliday, and P. E. Kolattukudy, unpublished results). Other more recent observations that the inhibition of suberization resulting from thorough washing of the discs might involve removal of ABA from the slices support the above notion. Furthermore, ABA induced suberization even in tissue cultures while the control tissue showed no evidence of suberization (C. L. Soliday and P. E. Kolattukudy, unpublished results). Thus it appears possible that injury-triggered suberization is mediated in some manner via ABA.
